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The present invention relates io a novel hv*r™ 
and ,s suitabte as o P ,,ca, ma « eri £ Z ^ 9e " ce - sufficient strength an d *°awes, '• 9 "° Penin3 P0 * m "' wh ™ 

proved in the above delects. V * nort »°™n e monomers have been develop . nC ' n9 demanc *- 

For example. Japanese Patenl Kofcai Nos s0 2S0 , 4 rf ^ " P °' yme ' "»'•'-'» - 

heatres.stance However ZlZ T norb °'™nes are supe Z T, 3 COpc ">™ e ' s °' "he above 

prcpert.es V b6S ' dSS ' hav * ™ ^ smal, birefringence va^en^ ^ ne ° eSSa "^ 

-he mo ,e. Jaoanese Patent K 0kc , u No 53 . 43412 d , 9 * mMI 

^^^^^ 

«-» P-ss ,n the Presence o, a melthes j ££££ X^^^^^r 
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= „ „. ™; ~r :rr;r - — ** - - '"*""»•"=• - — « 

As a result of intensive resparrh^w , ^ 'esis.ance, contains 

ucs and h.tnerto. the ?pa £ ^ beenT h * repreSen ' ed by "» !hrOU 9 h D ^"A«er reacon 

P0.nl close to thai ofTPA ^ t 35 " ' S W " hojl ' em °™S 'he cpI '° hefe,Ra(< er as ° y . prod . 

tow- cotumn o J ^ £^ b «---^red to be d.«,c u V o sep Te " h ° P " ime ' S ^ ^ 
Among these CP ,nn e 3 ' N ° S3 - 925 25) ^ by d,S, '" a,ion ^ Page 3, ngh, 

=^c 0 ^ > — a , compound ,n 

" ab0ve - ma "'-ed Japanese Patent Kotei No r* me,M ' l0n W ' ,h °" : 

cp timers need not be 
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removed since it aims at obtaining crosslinked polymer molded product 

However, ri . necessary to remove these CP tnmers in ordeTto oLn »*. 
opto* ma.erals. The inventors have found that these CP trimers with £11 *™' S C ° ntainin9 "° 9el 10 "sed fc- 
can be sufficiently removed by rectification and further l^^l^l^""^ " be difficu " *» separate 
by carrying out ripening polymerization with reducing con^nt of cp thl l ^? "° m 9S ' ran be ° bta '"*= 
and CP to 1% by weight or less, preferably 0.5=/. by weight les IsTo ' e ' S ' A ' d8r pfodu =< °' ^ 

erably a Ziegler catalyst comprising an organoaluminum comoound ^ " n9- ° pen ' n9 P 0, y™rization catalyst, orei- 
more preferably ,n ,he presence o, a chain olefin as a T^' ™ 3 ™ e «>^.or an = 
genauon product of the resulting ring-opening polymer ^ color es Tn« , been ' U " her ,ound «« hy*o- 

conventional ones and has sufficient strength a" ^^^J^*^ " S ™ ,le < " ^^gencel.an 

According to the present invent™, the following hytonJSJa^^rF^ 
a process for producing them are provided. VJrogenated polycycte norbornene nng-opening polymers ano 
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CH=CH 



HI] 




CH=.-CH- 



(wherein ~ denotes a single bond or a double bond ) 
(2) A process for producing a hydrogenated polycvcl.c norhnmon- ■ 

ganating with hydrogen at .east 50%of ^S^^^T^ <**™*nz« oy hydro- 

-ng polymer which contains recurring units representee ^eZZTi^ 

units , n an amount of at least 10 mo,% of the total po^2T2 ^ I ( ' ^ m °< «^yl-substiiuie=; 

measured in toluene at 25'C. V itS and has an Inlnn s'c viscosity fo] of 0.01-20 ais 
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SO 




CH=CH 



[II 1 ] 



The present invention will be explained in d 
(Monomers) 




CH=CH- 



etail. 



In the present invention, 5.6-rnethano-3a 4 4a 5 B Ba q Qa-«.. * m 
ano- 1 .4,4a.4b,5,B,£a,9a^tahydr 0 -9H-f,uorene (MOHF a^ ' sedTs II ^^'^ (MBHI) and 1,4-meth- 
bornene monomers. J USed as monomers, if necessary, together with other nor- 
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MBHI and MOHF which are monomers used in the Dresenf inv,o«fL^ a 
Ihe following formulas fA] and [B], respect.vely. ^ 8,8 no,bom * nfl monomers represented , 




tA] 
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(MOHF) 

The above MBHI and MOHF are obtained by subjectinq 3a 4 7 7 3 i„,„ h ^ m - - ,t 
(CPitoDie^AlderreacliontoproduceanadductfTPA)^ 7se D a^a,tanT^ 

.hereof such as boiling point are Cose ,c each i^t^^^^'TJ^^^^'^ 
mixture is usually 40*0 m 0 l% ol MBHI and 60-40 mol% of MOHF ' nSre ° ! Ra '"° °' lhem in lne 

This TPA obtained through Diels-alder reaction contain* rD . r ; 

[DJ as byproducts and hitherto, the TPA has beenus^ 1„! represent by the following formulas |C] an: 

fo that o, TPA and are difficult to separate mem by d!slln * " *™ ^ ^ ^ >°>™ 



45 



SO 




[C] 



( 4 - 9 :5.S^imethano-3a 1 4 1 4a.5 1 S 1 8a 1 9 1 9a«iahydro-1H-ben2oinden € 




tD] 

(1.4:5,S-dimethano-1 ( 4,4a,4b,5.e,ea,9a-octahydro-9H-fluoren e ) 

Of these CP trimers, especially the compound represented bv th» f«™ . 
tathesis reacts and only crosslink* powers con,a,*n^ [ ° ] " * com P™ d " ™" 

without removing it. 9 9 C3n be obtaine c wnen nng-potymenzation is earned out 

Therefore, in the present invention, content of CP trimers in in* annm^ * 
react,on of TH. and CP is reduced to 1 % by we.ght or les pref e abtv 5 ° T °' " Pr0duCed b * Di ^ Al ™ 

of CP trimers is more than 1 % by weight the results i nn 1 " * 0r ' eSS by rectrflcal1 ^- tf intent 

thereof is unsuitable as optical matenals 9 nn9 *° pen,n 3 P^er contains gel and hydrogenat.cn product 

By using such monomer mixture of MBHI anri mowc ■ 
pofymer free from ge, can be obta.ned even "a con^s^o '90 ' o'rTo ' ' % 1 °' CP ^ 3 

The above M3HI and MOHF are obta,ned as a m « rv°, ' P ,elerab| y 9 5 - or more. 

«HF may be substituted w*h ^JTss^ZZ oro" ov'lT/ '^T °' ™ "« ° R ^ MBHI ^ 
their easy availability. ' ' u DUI ""substituted ones are preferred in view of 

These MBHI and MOHF produce the above recurring units IV] and fin k ■ 
and produce recurring units [I] and [II] by hydrogenat.on -pec.ively 
tn the present invention, only the monomer mixture of M3HI and MOHF h « . 

o Mom ana MOHF may be used, but it may be copolymenzed 
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with known norbomene monomers. Tne copolymerizabla m „ 

resented by , ha Mowing ,ormu>as ^ G o '°' ^-pounds 

bornenes hav,ng 5 o, more rings such as asymme, i,™'" ^ ound5 *«of. Furthermore, po^cte Z' 

lower al*y, group, e.g., me.hy., ethy, and propy a^S^T (TC0 »' **> hav subs.ituen, such as 

and separa.tng « ,r 0 m ,he reaction mixture by ^Z^^'*™ »* "°*°™es l0 Lis-^ ™ 
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30 (wherein - denotes a single bond or a double bond) 

tne compound represented by the formub ffi ,c , 
a-M groups. e.g.. methy,, ethy,, propyl ^ " d '^°Pemadie ne fDCP). which may have suos tilue n, such 



as 



40 



55 




DCP(s) form recumng unit [IV] by ringing polymer; 



ization and torm recurring unit [IV] by hydr. 



ogenation. 



[IV] 




CH=CH 



[IV] 




CH ~ CH- 



The compound represented by the formula TGI i, ? ™ r h 
The substituents are the same as ,n the (NB) ' ^ ™ y have subsI ^nt 

-nc ude, for example , a(ky , substjIuled nQ ^P~ s "d re resented by the formula [Ej and subst.iu.ed norbornenes 

ro 2 n" P ° ,ar fl rou P^ining norbornenes such as 5 DhTn , ? n ° rb ° menes such as 5-ethyfidene-2-nor: 

ro^-noroornene.andS-methoxycarbonyl.^norbo,,,;^ 33 ^^^norbornene, 5-cyano-2-norbomene. 5 chlo- 



5 



EP 0 430 585 B1 




NB(s) form recurring unit [V] by ring-opening polymerization 



[G] 



and form recurring unit [V] by further hydrogenation 
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[V ] 




CH=CH- 



[V] 




CH — CH- 



ss 



Among the above compounds, preferred are nonpofar ones namelv „n,„h f, t . 
dene-substituted compounds from the point of water resistance unsubsM «^d compound and a!ky!- 0 - alkyii- 

By using WBHI and MOHF as monomers, moided products of i a « 
temperature region can be obtained and besides they a^e exce em in^T ^ *™ ' m h ' 3a g!aSS Ira ™»n 

Other norbornene monomers are used in combina'on w^ hTJh b,re,m9enCe 
and modification On the other hand, when the^^ n ^ 6 m ° n ° merS im ™ e ^ ° f P-cessabil.ry 
of M3HI and MOHF is used for the purpose of ™* C ~ ^, a ^ure 

In tne case of using other monomers in combination J^J^JJT ? g ?^ ^ tem P aralur « 
perature of molded product increases, but when the glass "ansZ lL . ^ fEJ ' ^ Iransi,KSn ,em * 

and besides b.refnngence value wh.ch is fBgar^T^^TcTT^^' prOCess "% borates 

skssssbbt' — sBKsasassKSs 

com binalioni amoum lhereo( js pre)e J™21 e^ o sample wnen DCP(s) or N3(s) are used ,n 
when TCD(s) are used, these are preferably used in an aZunZ Sll ^ T 'mature is 110'C or h.gher and 
viewpoint, amount of other norbornene monomer is oonor or £ ^'""f"" vaiue « "« damaged. From sucn 
50 mol% or ,ess. Other norbornene mcomers B^^ZrT^T ? ,° " ^ ™ ™ 

.n order to obta.n polymers hav.ng a glass ^^^^ °' ™* ° f ^ • 
<t <s appropnate to copolymers TCD(s) in an amount of 2^50 mor 9 6XCe " ent ,n bir ^ngence. 

doudl, .bond such as cyclopentene. cyclooctene. and 5 £ ™^ " "^"^ ha ™ S ~ 

Polycychc norbornene monomers include compounds havno ,wo or To,» 
pounds are apt to bring about gelation of polymer and soto!'* ™'« <eact,ve couble bonds and these com- 

Furthermore, in polymeria,*, i, is preferred to add chan Z , T aredeSlrabl * ^°ved as much as possible 
butene-,. pentene-l, hexene-1, octene-1. t^ Z^ ^ lT n ° n <°°>»W W.r.n, such as 

less, preferably 0.01-5 mol%. mosl preferably 0 2-3 mW to m^>J, ? ^ a ™ um 01 aoou! 10 m °'°° °< 

weigh, modifiers, especiaiiy preferred are 1 w"^^^ -olecula, 

(Polymerization catalysts) 

R-ng-opening copolymers of these monomers are produced bv usl^i r .™ ^ 
bornenes and polymerization catalysts used are not enncal and POlymenzaien process of nor- 

mals such as ruthenium, rhodium, Dalladium n, m ,_ ZZ .._ '° r eXam P !e - impounds of platinum arouo 

46-14910), compounds of ,rans,,ion metals such a -2 iun vanTn ^'"^ ^ ' Ja?3neSe Pale "' " No 
compounds of metals o, Groups l-IV of the pe i=d, a e and h^ T™"' ^ ,Un9aen ' and «9«no™,ali,c 
"lay be added to these catalyst systems (e g Japanese P ,n kT,T' ° compmems s ^ » 'ert.an; ammes 
Japanese Patent Kokai Nos. 54-66600 and 55 12772=) 4,-2011,. 5 7-,7= S 3, anS 57-6,044, and 

Among them, especiaiiy preferred are catalyst systems ■ 
te.rahal,de and an organometallic compound such a/o ano 1 " S " ™' a ' C ° m? ° Und S ' Jcn as wanium 

aliphatic or aromatic ternary amine is added. or 9a™alum,num compound to whrch a th.rd component such as 

Examples of polymerization catalysis are shown below. 
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Transition metal compounds 

As metal compounds, compounds ol transition metals such as titanium, vanadium, tungsten, and molybdenum are 

typical examples of the compounds are as follows: 

TiC^ 4 , TiBr 4 , VOC€ 3 , VOBr 3 , WBr 2 . WBr 4> 

WBr 6 , WC€ 2 , WCt 4 . WCt s . WC€ 6 . WF 4 , Wl 2 , 
'0 wi 4 , WOBr 4 . WOC£ 4 , WOF 4 , MoBr 2 . MoBr 3 . 

MoBr 4 , MoC€ 4 , MoC£ s , MoF 4 , MoOCl 4 , 

McOF 4 , W0 2 . H 2 W0 4 , NaW0 4 , K 2 W0 4 , (NH 4 ) 2 V;0 4 , 

Cawo 4 , CuW0 4 , MgW0 4 . (CO) 5 WC(OCH 3 ) (CH 3 ), 

(CO) s WC{OC 2 H 5 ) <CH 3 ), (CO) 5 WC(OC 2 H 5 ) (C 4 H 5 ), 
' 5 (CO) s MoC(OC 2 H 5 ) (CH 3 ), (CO) s Mo=C(OC 2 H s ) 

(N(C 2 H 5 } 2 ), tridecylammonium molybdate, and tridecyfammonium tungstate. 

Oraanometallic compounds 
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Organomeiallic compounds include, for example, organometallic compounds of metals of Groups I -IV of me 
table, such as organoalummum compounds, organot.n compounds, and compounds of l.tn.um, sod.um maqnes,^ 
zinc, cadmium and boron. • '""b-'Mi-rr.. 

Organoaluminum compounds include, for example. Inmethylaluminum. triethylaluminum. tn-n-propylalum.num tr.. 
•sopropylalumrnum. tn.sobutylaluminum. trihexylalum.num, trioctylalummum, triphenylalymrnum. Inbenzylalummum d- 
nTT n Z TT^\ di - n - pr0Wlaluminum -°"«hlor,de. di-isoburylaluminum monochlonde. di-n-bu^lal uL 
num monochlonde. drethylalumrnum monobrom.de, diethylaluminum monoiodide, d.ethylaluminum monohydr de 
ZZ T' n Tr? ' dilSObu * la "™ hydride, methylalum.num sesquichior.oe. ethyla m n 

ses urbromrde. .sob^umrnum sesqu.chlorrde. ethylaluminum dichloride, ethylaiuminum d.oromice. propylalumin " 
d.chlonoe. rsobutylalumrnum dichloride. propylaluminum dibromide. and ethylaluminum diiod.e 

Organot.n compounds include, tor example, tetrame.hyltin, dielhyld.methyltin. le.raethyltin. dibutyldiethylti- 
i «? 7 1 ' ,e,raphenyl,,n ' Irie,h V IIin WelhylUn chloride, triethyl.in bromide WetnL ioo' ce 

d,e, ylt.n d.fluonde, d,e,hy„,n dichloride. diethyltin bromide, diethyls diiodide. e.hyltm tn.luoride ethylt.n mcrZo'e 
ethylt.n tr.brom.de. and ethylt.n truodide. Other examples o, organometalhc compounds are n-buty hin^ r "pel so- 
d vm methylmagnes.um rodide. ethylmagnesium bromide, me.hylmagnesium bromide, n-propylmacnelm cZ oe 
ltTZT°r a "^ a 3~ d,e,hy,cadm 1U m, trimethyldoL. L'hyTo™ a" d 

Third component 

a third 0 ™ 3 '' n ™" ^ "'^"^ °' ""^^ P°lymer,zation can be proved by addrno 

a th,rd component to the above catalyst system. As examples ol the third component, mentton may be made ol motecuia 
oxygen. alcohols, ethers, peroxides, carboxyNc acids, acid anhydrides, acd chlorides, esters etones ntZT-cc n 
lr Q rm POU , n h ', 5Ul ' U,<0mainir,g C ° m0OUndS ' ha, ° 9en<m comp °"^ ~* iod e a 5 nd n " ° w s - n a :° 0 

rb^neS; 3 ^ 

(Solvent) 

but can'Tobf T °' rin S;° penin9 C000l! ' mer usad '« lne P™»« -mention can be carried out wrthou, using solvent 
out can also be earned out in an men organic solvent. 

Examples thereof are aromatic hydrocarbons such as benzene, toluene, and xylene, aiiphat.c hydrocarbons su-h 
I Tr: n TT ne K aiiCydiC h ^ arbons - cyctohexane. a^d haiogLed h « c" 

tr ™ ~ ' d ' Ch 0r0ethane - ^'Chloroethylene, tetrachloroethane, cnbrobenzene, dich forobenzene and 

trichiorobenzene. i nese may be used singly or m combination of two or more benzene, 

(Polymerization temperature) 

Temperature condrtion for ring-opening polymenza.ion is no. crit.cal. bu, usually an opt.cal temperature is selected 
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from -20"C -100°C. preferably 10-50"C. 
(Potymerization pressure) 

Polymerization pressure is preferably selected from 0-50 kg/cm*. 
(Hydrogenation) 

The hydrogenated ringopen.ng copolymer of the present .nvent.on can be obtained by hydrogen*™ the rino ooer 
.ng copolymer to saturate a part or all of olefin* unsaturated groups (double bonds in the rrin chair anc h r 
ring) and thus, heat detection resistance and «,ght detenoratio'n resistance of the ^^ ^^^ 
Hydrogenation rale can theoretically be 0-100% in case that when all rimihta hn^JT, .1, improve^ 
sa,ura,ed by hydrogenation. the hydrogenation rate is regTd* t b 00° an actual ™S;°P°™9 Polymer are 
w it h,n the above ranee However. ,n order ,0 ,mp,ove JE2£Z££2E& Z^X^t 
» necessary ,ha, a, leas, 50% of double bonds in tne main chain are hydrogenated to sirS cones 

The hydrogenation reaction ol the nng-opening copolymer is carried out by usual process As nvdrooena.™ 

nicKel/silica, nie^ d.a.omaceous earth. palladiunVcarbon. ^Z^SSZ^X'S^ 

lound rS I Par,0d ' C *f ' e ' '° r B1<amPle ' ' hOSe Wn ' ch com P" se Ni « Co compound and an orcan^eta T^. 

na.e o[Z h un *, t^T °' *" ^ *** ^ 35 nfckrt -Pn'nenateArietny.aium™" 
nate/n-buryll,.h,um, and nickel acetylace.onate/.riethylaluminum. Further examples are Rn corncobs 

fntr^rr 9 hydr T pressure - reac,,on ssz^^xez 

least 50 ,0 ol double bonos in the main chain in the polymer must be hydrooenate- an- ->•»•,...<*. . es,5 ' an - e - 2 - 
is a. leas, 80%, more prelerred hydrogenation rate ,s at !eas: 90% ydro9ena,e - an " p,e ' e ' rec ^^"ation rate 

(Hydrogenated ring-opening copolymer) 

Ring-opening copolymer used in the present invention has an intrinsic viscosity [„1 o! 0 01 -20 dl.c preterablv 0 1 1 0 

z^r^oi^r w ° ; ,ne hyd, ° 9enaied 9 «^ ° s a,;" 

Hydrogenated nng-opening polymer oota.ned by hydrogenating a r,ng-open ina copolymer of TCDfs) and N3fsl Hp, 
a relatively h ig h glass transition temperature and excellent m heal resisLrP hut h« ,h L, 00 
value is not necessarily sat-sfactory On the other hand J^Z^^^r i ^ b,re,nngenCe 

fon can be properly controlled in ,ts glass trans.non l^^^Sr^X^T^ ° ? " ™' 
besides, is superior ,„ b-refrinaence and the molded product e 5S n o" t ea disS o ^ an ° 

temperature reg.on. aistomon even tn :n e mgn glass transition 

Specifically, the hydrogenation sroduct of the present invention can h» qu^ki,, ,, n ,iHi 
temperature (Tg, withm the range ot about no-C-atou. tcO'C Xab^^TieoT 9355 ""^ 

sn^r, 5 " 3 "' hydrC9ena,ion produc! IS h, 3 h| y Glanced ,n light transmission, water resistance cne-nral resistance 
so^en, resistance, and mechanical properties and ,s especatly suitable as optical material ' 

ssr in heal de, ~ — and ^ 

rur,h T r, e m hyd, ° 9enated nn 9-°P anln 9 COpo ^ me ' °< P™*™ invention can be molded by venous known methocs 

antr^s^^ 

being excellent ,n heat deterioration resistance and TqM d^a^ « « ^ f " P ° lymer 35 

----parency.chem^ 
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ucts in a wide variety of fields. • 

For example, the hydrogenated polymer of the present invention can h« .rtiii^H ;„ ■ *• 
opted d,sc. optical fiber, and glass window, electa, fields sZZ Zxe an ' ?'? *"* * ° Ptol lens 

lor liquid crystal display, printed substrate, hrgh-.requency c^^^^^lT^^^^ 
s ---"andchemic,^^^ 

instruments, housing, film, sheet and helmet. as various 

The present invention will be explained in detail, by the following nonlimiting examoles and eomoarative exanofP. 
where parts are by weight unless otherwise notified. . * .u uumparaiive exampfes. 

io Synthesis Example 

An equimolar mixture of 3a.4,7.7a-tetrahydro,ndene of 99% or higher in purity and cyclopentadiene was subje^te" 
to Dieis-Alder reaction tn an autoclave at 230°C. The reaction mixture was remwreH a L I-i, ■ \ SLDje-te^ 
X of MOHF and M3H, containing 40% of cyelopentad-ene tr.meT (Primer) " ™ * ™™ 

'* Analysis of the mixiure X by gas chromatography showed that oroponion of MOHF and M3H! w , n «ri. f . 

and 155 of the CP trimer was 1,4:5,5^^1,4,43.45.5 S Ba Oa-octahvdro oh 1 rPn f ' * ^ 

rQjj ,s ' Dd,va octanyaro -SH-fluorene (compouna of the formula 

The mixiure X was further rectif.ed to obtain a fraction oflOLl 05'C (m.xture Y) and a fraction o! 1 C5-10°'C (mixture 
2) uncer the conditions of 2 mmHg and a reflux ratio ol 1/20 (mixture 

Analyse by gas chromatography showed that content of CP trimer was 0.5% in mixture Y and 5% m m.xture Z 
Example 1 

ol titanium tetrachlonde ,n cyclohexane and ring-opening polymerization was started at 30»C 

Alter 30 minutes Irom starting ol polymerization. 10 parts ol 5% mlmion r,i i,, n „c„- ' - 

precipitate polymer, followed by filtration. Conversion rate (Yield) was 97% ^one, Kopropvl alcoho, (1/1) to 

The resulting polymer was again dissolved in 300 parts of cyclohexana and H a ri.i „ a ii Q H- 

As a result of analysis of this polymer by proton NMR spectrum it was confirmpf tha- a hcnr«,i« < . 
Irom double bond drsappeared and nearly complete hydrogenation r^T^T^^T ,eSU, '" n3 
This hydrogenated polymer had an intrmsic viscos.ty ol 0.5 d^g measured ,n toluene a 25'c G, as ,, anslllori 
temperature ol the hydrogenated polymer measured by DSC analysis was HB'C 

This hyarogenated polymer was molded lo a plate ot 1 2 mm thirl* hv ho- „ 
measured toob.am a light transm.ttance of 90% or hicne^a lol 7" l ? 3 °' ^ was 

polymer. Further, the plate did not soften even whe ,n s hea t e H , 0 1 00^', °' 

the polymer using toiuene solvent and this 1,1m had a suff en' s en'o tn Wa,e, an 1Z n ""n T™* * ^ 
resistance was evaluaied by dipping the above plate ,n ethy a«ia* 3 ac^ne , T ™ °' S °' Vem 
obse™ i ng change in appearance. Chemical resistance JLTZ^^^^^^ £ 

From the above results, it can be seen that the hvdrocenatpr" rmn ~~ i 

excenent ,n heat resistance and opt.ca, properties and^cT £££ * .^T" " 



Comparative Example 1 



In the same manner as in Example 1 , rinq-openina Dolvmert7»iinn . 
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polymers which were not suitable as optical materials were obtained. 
Example 2 

100 pans of .he hydrogenated polymer obtained in Example 1 was again dissolved in 600 pans of cyclohexane and 
he solution , was poured ,n.o 2400 pans of acetone/isopropyl afcohol ( 1:1 by volume) and predate was co,"ec"ed by 
filtration and dried to obtain 94 pans ol hydrogenaied polymer. coiiectea 0> 

This hydrogenated polymer had an intrinsic viscosity of 0.6 dl/g measured in toluene at 25'C 
Furthermore, molecular weight (in terms of polystyrene) of the polymer was measured by hich oertormance liouic 
dhrcmatography using toluene as a solvent [measured by HLC 802L manufactured by Toso Co 7 a at ZTol Z Z 
of 38-C and a flow rate of 1.0 m.mm using TSK ge, G5000H-G4000H as column, to'oblam Mn^ x l O^To 3 
TO 4 , and molecular weigh! distribution Mw/Mn: 2.7. *^.Mw.a,j x 
Glass transition temperature of the hydrogenated polymer measured by DSC analysis was 12=°C 
Th.s hydrogenated polymer was molded into a plate of 1.2 mm thick by hot press.no and prcoert.es of this Dta ^ 
were measured. Ugh! transmutance was 90% at ^00 nm and 91 % at S30 nm. P'Cpemes ot this pla.e 

Example 3 

Polymerization was carried out by a metnod of continuously adding monomers and one comoonerv of polvmerization 
ofstrlbu,^ ymer " a, '° n $yS,em °' '"""^ « *« * 

In a 1000 liter reactor were cnarged 330 pans of dehydrated toluene 2 3 nan* of .^h,,^ 
tnethylamin, and 0.70 pan o, Lhexene under mtrogen eLs^T^ ^£ ^^f™' ^ ^ °' 

to Zl T T °' " ,an ' Um ' 9traChl0,,de WSre COn, ™ OJ ^ added 10 lhe o e a peri* o 1 hou 

to allow polymerization reaction to proceed The reaction wa* ctnnnnH ^ ■ _, 

ho.a q ueous ammonia ,0, par.0, pan, and then tn~ n m^ r 

l^T "„ T Pr8CiPi,a,S CO " 6Cled by ' il,ra " OT 3nd V3CUUm drled al rT^ ours ,c 

obtain 121 pans of a ring-opening polymer (yield 55%). s lc 

The resulting ring<pening polymer was dissolved in 600 pans of cyclohexane and 2 4 parts of oalladiurrvcaroon 
catalyst (supporting amount: 5%) was added to the solution ,n a 2000 liter rea-tor and hv-rooe- ,J= , 
allowed to proceed for 5 hours a, 140'C under a hydrogen pressure o, 'o k^.^^~ Z 
filtrated to remove hydrogenation catalyst and was poured m.o 1 600 pans of isopropyl alcoholto make coaau7,on Th, 
precipitate was collected by filtration, vacuum dried at 70'C and under 5 Torr lor j i h I ' ?,T COa9ula " cn ' Tne 
600 pans of cyciohexane. The solution was poured into 1660 pansTsL on^L^r, 7 h a9a '" m 

precipitate was collected by f ,,,ra fa 

for 24 hours to obtain 1 1 3 parts of a hydrogenated polymer. ^-essiveiy am o ^ 

This polymer had a hydrogenation rate of nearly 100%, an intrinsic v.scosity of 0 41 d l/c a noie-'ar wppd, nf m 

ToTo^th 2 h T a mole ; ui T wei9ht d,stnbu,,on Mw/Mn of 22 - and * ^^:^c 

io 10 pans of this hydrogenated polymerwasacdedO.Ol oarto! tetrak.simethvlene 3 n i v,,^ k 
nyl) propionatejmethane as an antioxidant and this polymer was mel kn^STh^ T ' ' yC ' 0Xy?ne ' 

o, 30 mm, (TEM-30 manufactured by Tosh.ba Mactoe Co Ltd™ a 250'C t ^JLTT 3 ^ 

into an optical d,sc substrate of 130 mm in d.ameter and 1 25 mm n nfckness bv7, n " , ? m0, * d 
man = by Sum.omo Heavy Industr.es. L ,d, a, a ^^^^^^0,^ 

Examples 4-7 
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Comparative Example 2 
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Example 3 was repeated except ,ha. ETD was used as monomer. The ,esu«s are shown in Table 1 . 
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Claims 



1- A thermoplastic hydrogenated polycvclic norbomenp ri™^ 

the lowing f o„nu,as p, and & ^^^^^^^ ^ ^ * 
based on total porymer units, an intrinsic viscosity h ] oio TTlT ^ 30 am ° Um ° f 31 ' east 10 ™ : '= 
50% of C bonds which constitute main chair fare ^stgle bonds " ,0 ' Uene * ^ ^ M " ^ 




ch r^n ch- 



Cii] 




CH Z^T CH- 



wherein ^ denotes a double bond or a single bond. 

2. A hydrogenated polymer according to claim l , which consists essent«Iiv n< 

mulas [I] and [II]. ^isisis essentially o. recurring units represented by the fc- 

3. A hydrogenated polymer according Jo claim 1 , which , 



bomene monomer. 



i contains hydrogenated product of polymer urn; of oine: nc- 



4. A hydrogenated polymer according to claim 3 wherein thp h W n m 

bornene mo n 0 mer is represented by ,he U^^^^^T ^ °< ^ 



mer unit of other nc 



^VCH ™ CH 



J 



[III] 




CH ZZZ CH- 



[IV] 



wherein- denotes the same meaning as mentioned above. 
Hydrogenated polymer according to claim 3, wherein 



[V] 



or more. 



amount of the units (I) and [II] in total polymer unrts is 30 mol% 
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6. A hydrogenaied polymer according to claim 3. wherein amount of Lie units U. 
50 mol% or more. 



and Nil in the 'otal ?otymer en its 



7. A hydrcgenated polymer according t0 claim 1, wherein hydrogenation rate of double bond is 60% or more. 

8. A hydrogenated polymer according to claim 1 , wherein hydrogenation rate of double bond is 90% or more. 

9. A hydrogenated polymer according to claim i, which has a glass transition temperaiure Tg of no'C - 160'C. 

10. A hydrogenated polymer according to claim 1, which has a glass transition temperature Tg of 130' C or higner 

11. A nydrogenated polymer according to claim 10 which comprises recurring units [!], [II] and [III]. 

12. A^ragen^ 

13. A process for producing a hydrogenated ncroornene nng-opening polymer whicn contains recurring units re- 
sented by tne following formulas [I, and [I.) or these unite substituted witn alky! in an amount of at least 10 ™» 

iZ w t P ° lym6r Un " S ^ imnnS,C ViSC0Slty M 0f 001 - 20 dl/ 9 measurod in toluene a: 25'C 

leas, 50 of olefm.c unsaturated group contained in the polymer being hydrogenatec: 




CH =^=- CH- 



[II] 




CH zrz CH. 



wherein^ denotes a double bond or a single bond, which comprises the steps of; 

(1 ) subjecting 3a.4,7.7a-tetrahydroindene and cyclopentadiene to Diels-Alder react.cn 
2, reducing content of cyclopentadiene trimer in the result.ng polymer to 1% by weioht or less 
(3) carry ing out ring-o P en,ng polymerizafon, if necessary, with add.tion.oI comcnomer to obtain a polymer cor- 
pnsmg recurnng units represented by the formulas [!'] and fll"] or these units substituted with alkyl 



[!'] 




H=CH- 



[II'] 




-,1 



CH=CH 



and 

(4) hydrogenating the polymer. 



14. A process according to claim 1 3. wherein content of the cyclopentadiene trimer is reduced to 0.5% or less. 
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Patentanspruehe 



1. Thermoplastisches, durch Norbomen-Ringoftnuno ertia»enes nolvrvHkrh,,. h ^ „ 

hclenda E,nh snBn der .olgenden Fameln^ und g„ ^ ™ JT" " J*™'- WiKIe " 
Mol-%. bezoger, ad alia Polyme.einheiten. Lbsti u eaen sich wSelo nd»„ = 9 ° V °° mindeslens ' = 

hi von 0.0, .20 dlfc gem e SSe n in To, U o, bei 25'C, auJ.ttC^^ SotlTT* 

iiiHan c; n fn,.hk.:.j wwciiuwiuesiens su/oderC — C-Bindungen, die aie 



hi* 

Hauptketle biiden. Einfachbindungen sind: 




ZZi CH 



CXI] 




R CE- 



wobei — fur eme Doppel- oder Einfachblindung steht. 
2 AnSPfUCh 1 • ^ WeSe "" iChe " «» "=* w.ed.no.enden E,nn S1! en o er Fom . ln ,„ unc 

" nS^^"" AnSP " UCh 1 ' ~ e,n er Po, ymer e,, 



smneit eines weiieren Norbornen- 



4. Hydnertes Polymer nach Anspruch 3. in dem das Hydrierunqsoroduckt tint o n u ma h 

nenmonomeren durch die fo.gende Formal [,!,], „V] *. r [V] w^ge ge ben j^^^ C6S No '*»- 




CH ^XZ CH- 



cm: 



aCH ch- 




CH CE- 



wobei ~ die vorstehend angegebene Bedeulung hat. 

Hydriertes Polymer nach Anspruch 3. in dem der Anteil der Einhei 
oder mehr betragt. 



[IV] 



[VI 



Hen [I] und [II] an alien Polymereinheiten 30 Mol-% 
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& St' A " SP,UCh 3 ' ^ An,ei ' Bnh8Nen (:l Un °' " a ' len P='y^'e.nn^.en SO Wo,., 

7. Hydriertes Polymer nach Anspruch 1 . in dem der Hydrierungsgrad dar Doppelbindungen 80% Oder mehr be.ragt 

8. Hydriertes Polymer nach Anspruch 1 . in dem der Hydrierungsgrad der Doppelbindungen 90% Oder mehr beuag: 

9. Hydriertes Polymer nach Anspruch i. das eine Glasubergangstemperatur Tg von 110'CiEO'C hat. 

10. Hydriertes Polymer nach Anspruch 1, das eine Glasubersangslempera.ur Tg von 130-c Oder men, ha:. 

11. Hydrier.es Polymer nach Anspruch 10. das sich wiederholende Einheiten [I]. (II) und [III) umfafSt. 

13. Verfahren zur Herstellung eines hydrienen. durcn Norbornen-Ringoftnung .maltenen Polymers das s,cn wieoe- 
Mol- ... bezogen auf alle Polymere.nhe.ten. substiiuierten Einheiten enthalt und eine Grundvis^tat r«l von 0 Ot - 2 " 

d a1; 9 r G ™ 




[III 




=rr CH 



wobei^ fur eine Doppel-oder Einfachbindung steht, umfassend die Sch 



rirte: 



(1) Diels-Alder-Reaktion zwischen 3a,4,7,7a-Tetrahydroinden und Cyclopeniadien 

(2) Vernngerung des Gehalts an Cyclopeniadientnmerem in dem so erhaltenen Polymer auf l Gew-So ocer 

(3) R^nun g spolymer,sat,on. .ate erforderNch. un.er Zugabe eines Comonomeren, urn en Polymer zu erhal- 
Einhe^n tm^t E ' nh9 " en *" ^ "' ] Und ™ °*» ^ ™ ^^ n \JJ e Z, 



11'] 




H-CH 



i 



[II 1 3 




Cfi-CE- 



,und 

(4) Hydrierung des Polymers. 



1 4. Verfahren nach Anspruch 1 3, tn dem der Gehalf an Cyclopentad 



ientrimerem auf 0.5 Gew.-% oder wentger reduziert 



16 



ist. 



EP0 430 585 B1 



Revendicatlons 



1. Polymere polycychque hydrogene, thermoplastique. obtenu par ouvenure de cycle tfun compost de tyoe norbor 
none ^componam des motrfs repetes representee par les forrnu.es [I] et [II, indiquees c^essous ou de te! ^ s 
rtpfltis pormnt des substrtuants alkyle. en una proportion d'au moins 10 % en moles par r a?P on au no" 1 

m ?C > To h ' I ' n r ^ ^ ™ ™™™ ^ ^ toluene ft 25'C de 0 0 ft 20 

d*g. au mens 50 % des i.a.sons C^C qui constant la chaine principals etant des toons s.moies 




CH rr^ ch- 



[ID 



ou^ designe une simple liaison ou una double liaison. 

2. Polymere hydrogene conforme a la revendication essentiellement 
les formules [I] et [I!]. 




■ch rzr CH- 



constitue de motifs repetes represents oar 



3. Polymere hydrogene conforme a la revendication 1 , qui comporte le produit tfhvdroaera-.nr tp nn-,< e h i ■ 
derives dun autre monomere de type norbornene. riyarogenajor. ce mo.i.s de oolymere 

4 " hyd 7 6n6 COnf °; me * la rev ^ication 3, dans lequel le produit d'hydrocenat.cn de motifs de .olym^e 

aenves d un autre monomere de ty P e norbornene est represents par Tune des formules su.vantes [II," [Iv] !^ 




CH- 



[III] 




CH — CH- 



1 



[IV] 



■Cr c " = CB - 



ou^ a la meme signification que celle indiquee plus haul. 



17 



EP 0 430 S3S B1 

5. Polymere hydrogen* conlorme a la revendication 3. dans lequel b> proportion de notifs 'II e '111 ,„„„, 4 
nombre total da motifs du polymere. est superieure ou egale a 30 % en moles ' '' PP 3C 

6. Polymere hydrogens conforme a la revendication 3, dans lequel la Drooortinn H» mMK. n. ■„, 

nombre toal de motifs du polymere. est superieure o u egale a SoV^n mots W ' raPP ° n6e ^ 

7 IZT, T^y™ * 13 r9VendiCa,i ° n " danS ' eqU9 ' ' e »* < d" rubles liaisons est 

8 - :x:T^::*T me h ia revendica,ion dans ^ * - ^es es! 

9. Powers hydrogens contorme a la revendication 1. don, la temperature de transition vitreuse T v vaut de 1 10 °C a 

1a IZ^^T" COn ' 0rme ' ' a ,eVendlCat '° n dOT ' la '""P**"" transition vri reuseT v est super.eure 

11. Polymere hydrogene conforme a la revendication 10. qui comporte des motifs repetes [I]. [II) et [III], 

12 ' ? ^TLT'l q T Tl°T * ' a reVendiC3,lon 11 ■ <*» *»••' I" ™tifs [III] ne portent pas de subst.tuants ou 
portent des substttuanls hydrocarbones interieurs. auusmudms ou 

ZTST Pr0dUC ' i0n P0 ' ym6,a f*™**" obtenu par ouverture de cycle dun compose de tvoe 

Z d a « °T SUbS,l,Uan,S aik * 19 ' e " ™ P'°P°ti°" tfau moins 1 0 % en moles par raooort au nomb 
a 20 dl/g, au moms 50 % des chamons insa.ures olefiniques qua comporte le polymere etant hydrogen* 




CH- 



[II] 




CH rrr CH- 



ou — designe une simple liaison ou une double liaison, 
lequel precede compone les etapes consistant a : 

2! TtTLT ^ 7 ^' ahyd '° Mkne 61 du =y='°Penladiene a une reaction da Diels-A,der 

3! rr^s ■rsr^ir va,eur dau pius ; % - ~* 

lets motifs repels portant des substituants alkyte : aessous. ou ae 




H=CH- 



[II'] 




CH=CH- 
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et 

4) hydrog^ner le polymfcre obtenu. 
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